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TRANSFER DEVICE FOR IMPLEMENTING 
MULTI-PORT SERVICE CONVERGENCE 

AND METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of Chinese Patent 
Application No. 031532942 ?led on Aug. 14, 2003. The 
disclosure of the above application is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

The present invention relates to Dense Wavelength Divi 
sion Multiplexing (DWDM) technology, especially to a trans 
fer device for implementing multi-port service convergence 
and method thereof. 

BACKGROUND OF THE INVENTION 

With the continuous development of communication tech 
nology, services such as data, voices and images can be trans 
mitted through optical ?bers. Table 1 shows the major ser 
vices with transfer speeds at present. 

TABLE 1 

Transfer Speed 
Service Name Mbps 

Fast Ethernet FE 125 
Gigabits Ethernet GE 1250 
Fiber Distributed Data Interface FDDI 125 
Store Network ESCON 200 
Store Network Fibre Channel/FICON 1062.5 
Digital Video Broadcasting DVB 270 
High-de?nition Digital TV HDTV 1485 
Asynchronous Transfer Mode ATM 155/622 
Synchronous Digital Transfer STM- l/OC-3 155 
Synchronous Digital Transfer STM-4/OC-12 622 

If one optical ?ber is used to transmit only one service, 
optical ?ber resource will be severely wasted. Currently 
DWDM system is usually adopted to transmit services, in 
order to greatly save optical resource. FIG. 1 illustrates the 
transfer principle of DWDM system in terms of the prior art. 
Signals are received from the service side by an Optical 
Transpose Unit (OTU) used for transmitting at the transmit 
ting end. Signal optical carriers with different wavelengths 
are combined by a wave combining unit and then sent to an 
optical ?ber for transmission. At the receiving end, a wave 
dividing unit separates the optical carriers, which hold differ 
ent wavelengths and carry different signals. The OTU used 
for receiving transmits the received signals to each branch. 
Accordingly, multiplexing transfer of multi-path optical sig 
nals through one optical ?ber can be implemented. 

Usually there are two transfer modes when using DWDM 
system to transmit service data: 
One transfer mode is to perform transparent transmission 

for services with arbitrary speed wavelength. After services 
with nonstandard wavelength are converted to services with 
standard wavelength matching DWDM system through opti 
cal/electrical/ optical (O/E/O) manner, transfer of various ser 
vices is implemented by 3R (Re-sharping, Re-amplifying and 
Re-timing) technology. 

FIG. 2 is a schematic diagram of OTU for implementing 
transparent transmission for services with arbitrary speed 
wavelength according to the prior art. The service side is 
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2 
joined with branches and the high-speed line side with high 
speed channel. At the transmitting direction, after the 
received optical signals are converted to electrical signals by 
a receiving module 201 in OTU, a Clock & Data Recovery 
module (CDR) 202 extracts clock frequency information 
from the service data. After converting the electrical signals 
processed by CDR module 202 to optical signals complying 
with standards and proper for DWDM system transmission, a 
transmitting module 203 at the service side sends out the 
service data utiliZing the extracted clock frequency. In like 
manner, at the receiving direction, after receiving the signals 
and converting optical signals to electrical signals, a receiving 
module 204 at the high-speed line side transmits the signals to 
CDR module 205, the received service data are transmitted to 
transmitting module 206 at the high-speed line side by CDR 
module 205 according to the clock frequency of this service 
data, then sent to corresponding ports after the electrical 
optical conversion process by transmitting module 206 at the 
high-speed line side. 
A CDR module can implement data recovery and clock 

frequency extraction of data services with arbitrary speed, 
which avoids designing wavelength conversion board with 
different OTUs for accessing different services in the same 
system, so that the system is provided with better compatibil 
ity. For instance, a CDR module can be designed to support 
clock frequency extraction of data services with arbitrary 
speed ranging 10MB2.7 Gbps. In this way, one OTU can 
receive or transmit data service with different speed in order 
to meet requirement of different speed services. 

However, this method has the following disadvantages: 
when a low-speed service is accessed to an OTU, for example 
125 Mbps Fast Ethernet (FE), one 125 Mbps will occupy one 
wavelength resource, so that waveband resource of wave 
length is severely wasted. Meanwhile, as the transmitting/ 
receiving modules at the high-speed line side are special 
modules according with standard wavelength, the cost is very 
high when using these special modules to transmit low-speed 
services. 
Another transfer mode is to converge the multi-port ser 

vices. To solve the problem of bandwidth utiliZation ratio, a 
general method is to converge several low-speed services to 
one high-speed channel and then transmit them. 

FIG. 3 is a schematic diagram of OTU for implementing 
multi-port service convergence according to the prior art. 
Every one port corresponds to a branch, and different 
branches are used to transmit service data with different 
speeds, but one branch is only used to transmit service data 
with constant speed. As for uplink transmitting direction, 
namely when OTU is transmitting information at service side, 
taking branch 1 for example, ?rstly the received optical sig 
nals are converted to electrical signals and then transmitted to 
CDR module 30211 for receiving constant speed service by 
optical-electrical converting module 301a; CDR module 
30211 for receiving constant speed service extracts clock fre 
quency information of service data from the received service 
data, then obtains pure service data by removing ?lling char 
acters or overhead characters in the service data; the pure 
service data is sent to encapsulation module 304 after being 
processed by serial-parallel converting module 30311. The 
encapsulation module 304 encapsulates service data from 
every port in terms of the pre-de?ned encapsulation format, 
which usually contains frame header, frame trailer and chan 
nel information convenient for correctly restoring the service 
data in downlink direction, such regulations as High-level 
Data Link Control (HDLC), Link Access Procedure-SDH 
(LAPS), General Frame encapsulation Process (GFP) or 
other encapsulation formats approved by OTU can be 
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adopted for encapsulation. Then mapping module 305 maps 
the encapsulated service data to the container of high-speed 
channel; after parallel-serial converting process and electri 
cal-optical converting process by parallel-serial and electri 
cal-optical converting module 306, the service data is sent out 
in terms of the high-speed channel clock frequency in high 
speed channel transmitting clock module 307. For example, 
the encapsulated service data can be mapped to the container 
of a certain transfer format under SDH format, such as con 
tainer of STM-l6 VC3/VC4. In the course of mapping, if 
bandWidth of the received service is greater than container 
capacity, multiple containers are lashed together for use; if 
bandWidth of the received service is smaller than container 
capacity, ?lling characters or gap packets are inserted to for 
mat of encapsulation de?nition in order to implement band 
Width adapting. 

In the same Way, as for doWnlink transmitting direction, 
namely When the high-speed line side of the OTU has 
received information from high-speed channel, ?rstly the 
received optical signals are performed With processes of opti 
cal-electrical converting, line clock frequency extraction and 
serial-parallel converting by converting module 308, in order 
to guarantee that the clock frequency for transmitting data in 
doWnlink direction is consistent With that of high- speed chan 
nel; then de-mapping module 309 performs de-mapping, 
namely restoring service data of each branch from high-speed 
channel container and discarding potential ?lling characters 
and gap packets in mapping course at the same time; then 
decapsulating module 310 performs decapsulation in accor 
dance With encapsulation format, in order to restore the spe 
ci?c service data of each branch. Since in uplink transmitting 
course, the process such as encapsulating and mapping is not 
performed to all service data of each branch, but to the pure 
service data extracted from service data, the clock frequency 
information of each branch has been totally lost. And in 
doWnlink transmitting course, clock frequency of each 
branch should be the same as that of uplink transmitting 
course. HoWever, as the clock frequency information of each 
uplink branch has been totally lost, it is impossible to restore 
clock frequency information of uplink transmitting course in 
doWnlink transmitting course. Under this condition, speed 
adapting must be performed in decapsulating module 310. 
Concretely speaking, according to the requirement of differ 
ent protocols, some gap packets according With regulation of 
the transmitted service are inserted by speed adapting mod 
ules in decapsulating module 310, in order to eliminate fre 
quency deviation. For instance, as to Fibre Channel Protocol 
service, some idle signals of Fibre Channel can be inserted; as 
to Synchronous Digital Hierarchy/ Synchronous Optical Net 
Work (SDH/SONET) service, bit adjusting can be performed. 
After the service data adjusted by speed adapting module is 
processed by parallel-serial converting module 312a and 
electrical-optical converting module 313a, namely after the 
process of parallel-serial converting and electrical-optical 
converting, the service data are sent out according to the 
frequency generated by branch clock generating module 
31111 of the present branch. 

This method also has one disadvantage: since the clock 
frequency of branch corresponding to each OTU port cannot 
be transparently transmitted, frequency deviation betWeen 
transmitting side and receiving side is unable to be recog 
niZed. In OTU, the receiving side must perform speed adapt 
ing in order to eliminate frequency deviation. HoWever, 
speed-adapting operation is associated With service types, so 
it is very di?icult to design an OTU Which is suitable for an 
arbitrary speed. Therefore, several common module types are 
designed, for example: 2><GE is converged to STM-l 6, 
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4 
10><ESCON is converged to STM-l6, and 4><STM-4 is con 
verged to STM-l6. But it proves di?icult to make various 
modules compatible. In this Way, the ?exibility of OTU is loW 
and it is dif?cult to implement compounding service trans 
mission. For instance, to implement convergence from 
l><GE+l><STM-4 to STM-l6 is quite dif?cult. In order to 
adapt to various kinds of service convergence, various kinds 
of OTU modules must be designed to adapt speeds of various 
kinds of services, Which make the system design cost 
increase. In conclusion, convergence of services With arbi 
trary speed cannot be implemented With this method, result 
ing in loW ?exibility and high cost. 

SUMMARY OF THE INVENTION 

Therefore, a main object of the present invention is to 
provide a device for implementing multi-port service conver 
gence, by Which convergence of services With arbitrary 
speeds can be implemented With more ?exible application 
and loWer cost. 

Another object of the present invention is to provide a 
method for implementing multi-port service convergence, by 
Which convergence of services With arbitrary speeds can be 
implemented With more ?exible service data transmission 
and loWer transmission cost. 
The device according to the present invention comprises an 

uplink transmitting unit and a doWnlink transmitting unit, 
Wherein the uplink transmitting unit comprises at least a clock 
& data recovery module for extracting clock frequency infor 
mation from branch service data, a encapsulation module for 
encapsulating the received service data and a mapping mod 
ule for mapping the encapsulated data packets to a container 
of high-speed channel Which are connected sequentially in 
series, the doWnlink transmitting unit comprises a de-map 
ping module for restoring the data packets from the container 
of high-speed channel and a decapsulating module for releas 
ing the encapsulating format of data packets and restoring 
branch data, and the doWnlink transmitting unit further com 
prises: 

a branch clock generating and adjusting part, for determin 
ing a transmitting clock frequency of decapsulated service 
data, and adjusting a local branch clock frequency based on 
said transmitting clock frequency so as to make the local 
branch clock frequency be consistent With the transmitting 
clock frequency; 

said de-mapping module, said decapsulating module and 
said branch clock generating and adjusting part in the doWn 
link transmitting unit are connected sequentially in series, 
said clock & data recovery module in the uplink transmitting 
unit support services With arbitrary speeds. 
The branch clock generating and adjusting part in the 

doWnlink transmitting unit comprises: 
a speed frequency discrimination module located inside 

the decapsulating module, for determining deviation betWeen 
the local branch clock frequency at receiving side and the 
transmitting clock frequency at transmitting side; and 

a branch clock generating and adjusting module, for gen 
erating a local branch clock and adjusting the local branch 
clock based on the deviation determined by the speed fre 
quency discrimination module so as to make the local branch 
clock frequency be consistent With the transmitting clock 
frequency. 

Preferably, there is an independent clock & data recovery 
module, a speed frequency discrimination module and a 
branch clock generating and adjusting part in each branch. 
Under this condition, the uplink transmitting unit in this 
device further comprises: 
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an optical-electrical converting module in each branch of a 
plurality of branches, connected to corresponding clock & 
data recovery module and used for converting the received 
optical signals to electrical signals; 

a serial-parallel converting module in each branch of a 
plurality of branches, connected betWeen corresponding 
clock & data recovery module and the encapsulation module 
and used for converting serial signals to parallel signals; 

a parallel-serial and electrical-optical converting module 
connected to the mapping module and used for performing 
serial-parallel converting process and optical-electrical con 
verting process for the mapped data packets; and 

a high-speed channel transmitting clock module connected 
to the parallel-serial and electrical-optical converting module 
and used for providing high-speed channel clock. 

The doWnlink transmitting unit further comprises: 
an optical-electrical converting, line clock extraction and 

serial-parallel converting module connected to the de-map 
ping module and used for performing optical-electrical con 
verting process, line clock extraction and serial-parallel con 
verting process for the received data packets; 

a parallel-serial converting module in each branch of a 
plurality of branches, connected to the decapsulating module 
and corresponding branch clock generating and adjusting 
module, and used for performing parallel-serial converting 
process for the decapsulated branch service data; and 

an electrical-optical converting module in each branch of a 
plurality of branches, connected to corresponding parallel 
serial converting module and used for performing parallel 
serial converting process for the received decapsulated 
branch service data. 

In this device, different branches support process of ser 
vices With different speeds. 
A method for implementing multi-port service conver 

gence according to the present invention at least comprises: 
a. after receiving service data With arbitrary speeds from a 

corresponding port in each branch, extracting transmitting 
clock frequency information of service data, then transpar 
ently encapsulating the service data, mapping the encapsu 
lated data packets to a container of high-speed channel and 
transmitting the data packets in said container to opposite 
equipment; and 

b. after receiving the data packets in the container of high 
speed channel from opposite equipment, de-mapping the data 
packets and then decapsulating the de-mapped data packets; 
in each branch, determining a transmitting clock frequency of 
the decapsulated service data, and adjusting the local branch 
clock frequency based on said transmitting clock frequency 
so as to make the local branch clock frequency be consistent 
With the transmitting clock frequency; and then receiving the 
branch service data according to the adjusted local branch 
clock frequency. 

This method further comprises the step of presetting a 
buffer With a Waterline value, Wherein the step of adj usting the 
local branch clock frequency based on the transmitting clock 
frequency further comprises: 

Writing data into the buffer according to the transmitting 
clock frequency and reading data from the buffer according to 
the local branch clock frequency, sending the Waterline value 
indicating the difference betWeen Writing speed and reading 
speed to the module for generating local branch clock, said 
module for generating local branch clock adjusting local 
branch clock frequency according to the received Waterline 
value. 

Preferably, step a further comprises the step of performing 
optical-electrical conversion for the branch service data 
before extracting transmitting clock frequency information, 
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6 
and the step of performing electrical-optical conversion for 
the mapped data packets after the mapping process; step b 
further comprises the step of performing optical-electrical 
conversion before the de-mapping process, and the step of 
performing electrical-optical conversion for the branch ser 
vice data after the decapsulating process. 

Preferably, step a further comprises the step of performing 
serial-parallel conversion for the branch service data after 
extracting transmitting clock frequency information and 
before encapsulating process, and the step of performing 
serial-parallel conversion for the mapped data packets after 
the mapping process; step b further comprises the step of 
performing serial-parallel conversion before the de-mapping 
process, and the step of performing parallel-serial conversion 
for the branch service data after the decapsulating process. 
The step of transparently encapsulating in step a further 

comprises: 
presetting a buffer and presetting a loW threshold value in 

the buffer; and 
judging Whether the stored data in the buffer reaches the 

loW threshold value, if so, segmenting the data in the buffer 
according to a prede?ned length Which is less than or equal to 
the loW threshold value and adding frame header for the 
segmented data; else not segmenting the data in the buffer. 
The step of decapsulating in step b further comprises: 

bounding the start of data area according to the frame header, 
bounding the end of frame according to the prede?ned length, 
and then removing the frame header. 

It can be seen from the above-mentioned technical scheme, 
since the CDR module according to this present invention can 
process services With arbitrary speeds and the encapsulation 
implemented in encapsulation module according to this 
present invention is transparent encapsulation, there is no 
process of extracting pure service data from service data in 
uplink transmitting course, but process of encapsulating and 
mapping the entire service data, so that clock frequency infor 
mation of uplink branch is reserved. 

In doWnlink direction, since the original clock frequency 
information of uplink branch is reserved in data packets trans 
mitted in high speed channel, the original clock frequency 
information of uplink branch can be extracted through de 
mapping and decapsulation; and through the operation of 
frequency discrimination to clock frequency Which is imple 
mented in frequency discrimination module, doWnlink 
branch clock frequency and uplink branch clock frequency 
are kept in complete uniformity. In this Way, clock frequency 
information of uplink branch and doWnlink branch is guaran 
teed to be consistent. Therefore the service data Written by 
uplink branch can be normally read out, Without speed adapt 
ing process in the prior art, accordingly further eliminating 
the drawback of disability to process services With arbitrary 
speeds due to requirement of speed adapting process in prior 
art, implementing convergence process to services With arbi 
trary speed, elevating the ?exibility of service convergence 
and decreasing the cost. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided here 
inafter. It should be understood that the detailed description 
and speci?c examples, While indicating the preferred embodi 
ment of the invention, are intended for purposes of illustration 
only and are not intended to limit the scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying draW 
ings, Wherein: 
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FIG. 1 is a schematic diagram illustrating transfer principle 
of DWDM system according to the prior art. 

FIG. 2 is a schematic diagram illustrating an OTU for 
implementing transparent transmission for services With arbi 
trary speed Wavelength according to the prior art. 

FIG. 3 is a schematic diagram illustrating an OTU for 
implementing multi-port service convergence according to 
the prior art. 

FIG. 4 is a schematic diagram illustrating transfer principle 
of DWDM system according to the present invention. 

FIG. 5 is a schematic diagram illustrating an OTU for 
converging the services With arbitrary speed received from 
multi-ports according to the present invention. 

FIG. 6 is a schematic diagram illustrating a speed fre 
quency discrimination module according to the present 
invention. 

FIG. 7 is a schematic diagram illustrating transparent 
encapsulation in accordance With the present invention. 

FIG. 8 is a schematic diagram illustrating the process of 
decapsulating the transparently encapsulated data packets in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The folloWing description of the preferred embodiment(s) 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. 
NoW, the present invention Will be described in detail here 

inafter With reference to the accompanying draWings. 
FIG. 4 is a schematic diagram illustrating transfer principle 

of DWDM system according to the present invention. Every 
OTU for transmitting can simultaneously receive service data 
With arbitrary speeds from multiple ports, converge the 
received data, and then sends the service data to a high-speed 
channel through a Wave combining unit. After receiving the 
data sent by high-speed channel, the OTU for receiving 
directly distributes the received service data With different 
speeds to each corresponding port, Without the need of speed 
adapting. 

FIG. 5 is a schematic diagram illustrating an OTU for 
converging the services With arbitrary speed received from 
multi-ports according to the present invention. Each port 
corresponds to one branch and different branches can be used 
to transmit service data With different speeds Which can be 
arbitrary speeds. It can be seen from FIG. 5 that this OTU 
consists of an uplink transmitting unit and a doWnlink trans 
mitting unit, Where uplink transmitting means sending infor 
mation of service side and doWnlink transmitting means 
receiving information at the service side. The uplink trans 
mitting unit comprises at least an optical-electrical converting 
module 501, a CDR 502, a serial-parallel converting module 
503, an encapsulation module 504, a mapping module 505 
and a parallel-serial and electrical-optical converting module 
506, Which are connected sequentially in series, together With 
a high-speed channel transmitting clock module 507 con 
nected to the parallel-serial and electrical-optical converting 
module 506; as there are more than one branch on service 
side, namely branch 1 to branch n, correspondingly there are 
one optical-electrical converting module 501, one CDR 502 
and one serial-parallel converting module 503 in each branch, 
namely optical-electrical converting modules 501a~501n, 
CDR 502a~502n, serial-parallel converting modules 
503a~503n. The doWnlink transmitting unit comprises at 
least an optical-electrical converting, line clock extraction 
and serial-parallel converting module 508, a de-mapping 
module 509, a decapsulating module 510, a parallel-serial 
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8 
converting module 512 and an electrical-optical converting 
module 513, Which are connected sequentially in series, 
together With branch clock generating and adjusting module 
511 Which is simultaneously connected to parallel-serial con 
verting module 512 and decapsulating module 510. Similar to 
uplink transmitting direction, as there are more than one 
branch on service side, namely branch 1 to branch n, there are 
optical-electrical converting modules 511a~511n, CDR 
512a~512n and serial-parallel converting modules 
513a~513n corresponding to each branch. 

In this device, optical-electrical converting module 501 
and electrical-optical converting module 513 can be com 
bined together, forming one optical-electrical converting 
module having the function of tWo-Way optical-electrical 
conversion; in the same Way, serial-parallel converting mod 
ule 503 and parallel-serial converting module 512 can be 
combined together, parallel-serial and electrical-optical con 
verting module 506 together With optical-electrical convert 
ing, line clock extraction and serial-parallel converting mod 
ule 508 can be combined. Similarly, encapsulation module 
504 and decapsulating module 510, as Well as mapping mod 
ule 505 and de-mapping module 509 can be respectively 
physically integrated into one module With tWo-Way Working 
function. 

In the OTU according to the present invention, CDR 502 
supports clock extraction and data restore for services With 
arbitrary speeds. In encapsulation module 504 all services are 
transparently encapsulated, unlike the prior art in Which only 
pure service data are extracted in encapsulation course and 
the ?lling characters or overhead characters of the original 
service data are discarded. So in the present invention, the 
clock frequency information of uplink branch is reserved in 
encapsulation course, unlike the prior art in Which the clock 
frequency information of uplink branch is lost because idle 
signals are discarded. Because the clock frequency informa 
tion of uplink branch is reserved in encapsulated data, the 
clock frequency information of this uplink branch can be 
restored from the decap sulated data, branch clock generating 
and adjusting module 511 adjusts clock of doWnlink branch 
according to this clock frequency information of uplink 
branch, making the reading speed and Writing speed consis 
tent. Accordingly, there is no need of speed adapting When 
reading data, avoiding the disadvantage of being unable to 
implement convergence of services With arbitrary speeds due 
to need of speed adapting in the prior art. Being able to 
implement convergence for services With arbitrary speeds, 
the OTU according to the present invention is entitled With 
advantages of ?exible application and loW cost. 
The above description is about the device according to this 

present invention. The folloWing is illustration of the process 
ing procedure in terms of the method according to this present 
invention. 
As for uplink transmitting direction, namely When OTU is 

transmitting information at service side, taking branch 1 for 
example, ?rstly the received optical signals are converted to 
electrical signals and then transmitted to CDR module 50211 
by optical-electrical converting module 50111, Where the CDR 
module can receive service data With arbitrary speeds. CDR 
module 502a extracts clock frequency information of the 
service data from the received service data; the service data is 
sent to encapsulation module 504 after being processed by 
serial-parallel converting module 50311. The encapsulation 
module 504 encapsulates the received service data according 
to the sequence of bit ?oW, for instance in accordance With 
format of GFP protocol. It is necessary to specify that unlike 
the prior art, the encapsulation performed by encapsulation 
module 504 is transparent encapsulation, namely the encap 
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sulated service data includes not only pure service data, but 
also idle characters or overhead characters in the original 
service data. Speci?c method of transparent encapsulation 
Will be particularly described later on. 

After performing transparent encapsulation for service 
data, encapsulation module 504 sends the encapsulated data 
packets to mapping module 505. Mapping module 505 maps 
the encapsulated data packets to the container of high-speed 
channel, such as container VC3/VC4 of STM-l6; after par 
allel-serial converting process and electrical-optical convert 
ing process by parallel-serial and electrical-optical convert 
ing module 506, the service data is sent out to opposite 
equipment in terms of the high-speed channel clock fre 
quency in high-speed channel transmit clock module 507. In 
the course of mapping, if bandWidth for receiving service is 
greater than container capacity, multiple containers are lashed 
together for use; if receiving service bandWidth is smaller 
than container capacity ?lling characters or gap packets are 
inserted to format of encapsulation de?nition in order to 
implement bandWidth adapting. 
As for doWnlink transmitting direction, namely When OTU 

has received information at service side, ?rstly the optical 
signals received from opposite equipment are performed With 
processes of optical-electrical converting, line clock fre 
quency extraction and serial-parallel converting by convert 
ing module 508, in order to guarantee that the clock frequency 
for transmitting data in doWnlink direction is consistent With 
that of high-speed channel. Then de-mapping module 509 
performs de-mapping, namely restoring service data of each 
branch from hi gh-speed channel container and discarding the 
?lling characters and gap packets in mapping course at the 
same time. Then the decapsulating module 510 performs 
decapsulation in accordance With encapsulation format, in 
order to restore the speci?c service data of each branch. 
Speci?c process of decapsulation Will be particularly 
described together With transparent encapsulation later on. 

After decapsulating module 510 has decapsulated the ser 
vice data, since there is deviation betWeen clock of local 
branch and clock of transmitting side, a service speed fre 
quency discrimination module is set corresponding to each 
branch. Each frequency discrimination module equals a 
buffer and the decapsulated service data are put into this 
frequency discrimination module. Because there is speed 
deviation betWeen Writing in service data at transmitting side 
and reading out service data at receiving side, it is inevitable 
that service data in speed frequency discrimination module 
Will shoW Waterline variation. According to this changing 
Waterline value, branch clock generating and adjusting mod 
ule 511 at the receiving side performs corresponding adjust 
ment, in order to eliminate frequency deviation betWeen 
receiving side and transmitting side, making the clock fre 
quency of branch at receiving side track the clock frequency 
of receiving service at transmitting side ever and again, 
namely making the clock frequency of reading service data 
equals the clock frequency of Writing service in uplink direc 
tion. At last, after the received service data is processed by 
parallel-serial converting module 512a and electrical-optical 
converting module 513a, namely after the process of parallel 
serial converting and electrical-optical converting, the service 
data are sent out according to the frequency of the present 
branch. 

FIG. 6 is a schematic diagram illustrating a speed fre 
quency discrimination module according to the present 
invention. The speed frequency discrimination module equals 
a buffer for adjusting frequency deviation betWeen the trans 
mitting side and the receiving side. There is a pre-set standard 
Waterline value in each speed frequency discrimination mod 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
ule. If the clock frequency of the transmitting side is greater 
than that of receiving side, the de-mapped service data Written 
into speed frequency discrimination module is relatively 
excessive, and the Waterline value concerning data change is 
greater than standard Waterline value. In this time, the Water 
line value Will be sent to corresponding branch clock gener 
ating and adjusting module 511 through the data bus betWeen 
the speed frequency discrimination module and the branch 
clock generating and adjusting module 511. Then, the branch 
clock generating and adjusting module 511 makes corre 
sponding adjustment according to the variation of Waterline 
value, namely expedites the clock frequency of correspond 
ing branch to make the changing Waterline value in this speed 
frequency discrimination module close to standard Waterline 
value, in order to eliminate frequency deviation; similarly, if 
the clock frequency of the transmitting side is smaller than 
that of receiving side, the de-mapped service data Written into 
speed frequency discrimination module is relatively less, and 
the Waterline value concerning data change is smaller than 
standard Waterline value. In this time, the branch clock of 
receiving side performs corresponding adjustment according 
to the variation of Waterline value, namely decreases the clock 
frequency of corresponding branch to make the changing 
Waterline value in this speed frequency discrimination mod 
ule close to standard Waterline value, in order to eliminate 
frequency deviation. In this Way, the reading speed and Writ 
ing speed of branch are guaranteed to be consistent, and 
transparent transmission of branch clock frequency Will be 
realiZed. 

FIG. 7 is a schematic diagram illustrating transparent 
encapsulation in accordance With the present invention, tak 
ing GFP encapsulation for example. The serial electrical sig 
nals at service-receiving side are converted to parallel signals 
by serial-parallel converting module 503, and then the con 
verted signals are sent to encapsulation module 504 for pro 
cessing. In fact encapsulation module 504 is a FIFO buffer. 
MeanWhile a byte counter is set, and counting value N is the 
length of data area With the encapsulated frame. The counting 
value N is set according to the relationship of effect and cost 
in practical transmission, so N varies With different services, 
but it is constant and invariable in the transmitting process of 
the same service. 

In order to guarantee the continuity of the transferred data 
betWeen packets, control through buffer is necessary, and it is 
required that the mapping bandWidth be larger than the basic 
data speed of client data before being encoded. A loW thresh 
old value is set in the FIFO buffer 504, after the stored data in 
FIFO reaches the loW threshold value, in terms of the ?rst 
in-?rst-out principle, the data in FIFO buffer is sliced accord 
ing to the current counting value N in order to guarantee the 
continuity of data betWeen frames. The sliced data is added 
With a core header and a payload ?eld header, thereby encap 
sulation for the data can be implemented. The data Without 
being sliced in the buffer Will be combined and processed in 
the next slicing course. 

FIG. 8 is a schematic diagram illustrating the process of 
decapsulating the transparently encapsulated data packets in 
accordance With the present invention. As for GFP protocol, 
after the sending terminal receives the data frames from the 
outlying terminal, the start of data area is bounded through 
core header, the end of the frame is bounded according to the 
data length N, then core header and payload header is 
removed, the received data is sent to the decapsulation mod 
ule 510 Which is a FIFO buffer actually. Since the idle frame 
data has already been recogniZed and discarded before being 
stored in buffer 510, the data stored in buffer 510 is pure 
payload data. The data stream, in terms of FIFO principle, is 
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converted from parallel data to series data through parallel 
series converting module 512 and then sent out. 

In terms of the present invention, if the electrical signals are 
directly received by the OTU, there is no need for processes 
such as optical-electrical converting and electrical-optical 
converting, and accordingly optical-electrical converting 
module is not needed. If the present invention is applied in a 
loW-speed situation, the signals can be directly processed 
Without performing serial-parallel converting and parallel 
serial converting, and accordingly serial-parallel converting 
module is not needed. 

While the invention has been shoWn and described With 
reference to a preferred embodiment thereof, it Will be under 
stood by those skilled in the art that various changes in form 
and details may be made therein Without departing from the 
spirit and scope of the invention as de?ned by the appended 
claims. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist of 
the invention are intended to be Within the scope of the inven 
tion. Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 
What is claimed is: 
1. A device for implementing convergence of multi-port 

services With arbitrary speeds, comprising an uplink trans 
mitting unit and a doWnlink transmitting unit, Wherein the 
uplink transmitting unit comprises at least a clock & data 
recovery module for extracting clock frequency information 
from service data of each of branches, an encapsulation mod 
ule for encapsulating the service data into data packets With 
out discarding any bit of the original service data and Without 
discarding any bit of the overhead or ?lling characters asso 
ciated With the original service data including bits for the idle 
signal and clock frequency information, and a mapping mod 
ule for mapping the data packets to a container of high-speed 
channel Which are connected sequentially in series, the doWn 
link transmitting unit comprises a de-mapping module for 
restoring data packets mapped from the container of high 
speed channel and a decapsulating module for decapsulating 
data packets de-mapped and restoring branch data, and the 
doWnlink transmitting unit further comprises: 

a branch clock generating and adjusting part, for determin 
ing a transmitting clock frequency of the service data 
decapsulated, and adjusting a local branch clock fre 
quency based on the transmitting clock frequency so as 
to make the local branch clock frequency be consistent 
With the transmitting clock frequency; 

the de-mapping module, the decapsulating module and the 
branch clock generating and adjusting part in the doWn 
link transmitting unit being connected sequentially in 
series, said clock & data recovery module in the uplink 
transmitting unit supporting services With arbitrary 
speeds; 

Wherein the branch clock generating and adjusting part 
adjusting the local branch clock frequency based on the 
transmitting clock frequency so as to make the local 
branch clock frequency be consistent With the transmit 
ting clock frequency comprises: 

Writing the service data decapsulated into a buffer accord 
ing to the transmitting clock frequency, reading the ser 
vice data decapsulated from the buffer according to the 
local branch clock frequency, obtaining Waterline value 
of the buffer indicating the difference betWeen Writing 
speed and reading speed, and adjusting the local branch 
clock frequency according to the Waterline value. 

2. The device of claim 1, the uplink transmitting unit fur 
ther comprising: 
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12 
an optical-electrical converting module in each branch of a 

plurality of branches, connected to the clock & data 
recovery module and used for converting the received 
optical signals to electrical signals; 

a serial-parallel converting module in each branch of a 
plurality of branches, connected betWeen the clock & 
data recovery module and the encapsulation module and 
used for converting serial signals to parallel signals; 

a parallel-serial and electrical-optical converting module 
connected to the mapping module and used for perform 
ing serial-parallel converting process and optical-elec 
trical converting process for the data packets mapped; 
and 

a high-speed channel transmitting clock module connected 
to the parallel-serial and electrical-optical converting 
module and used for providing high-speed channel 
clock; 

the doWnlink transmitting unit further comprising: 
an optical-electrical converting, line clock extraction and 

serial-parallel converting module connected to the de 
mapping module and used for performing optical-elec 
trical converting process, line clock extraction and 
serial-parallel converting process for the data packets 
de-mapped; 

a parallel-serial converting module in each branch of a 
plurality of branches, connected to the decapsulating 
module and the branch clock generating and adjusting 
module, and used for performing parallel-serial convert 
ing process for the service data decapsulated; and 

an electrical-optical converting module in each branch of a 
plurality of branches, connected to the parallel-serial 
converting module and used for performing electrical 
optical converting process for the service data decapsu 
lated. 

3. The device of claim 1, Wherein the different branches 
support process of services With different speeds. 

4. A method for implementing convergence of multi-port 
services With arbitrary speeds, at least comprising: 

a. after receiving service data With arbitrary speeds from a 
port in each branch, extracting transmitting clock fre 
quency information of the service data, then transpar 
ently encapsulating the service data into data packets 
Without discarding any bit of the original service data 
and Without discarding any bit of the overhead or ?lling 
characters associated With the original service data 
including bits for the idle signal and clock frequency 
information bit mapping the data packets to a container 
of high-speed channel and transmitting the data packets 
mapped in the container to opposite equipment; and 

b. after receiving the data packets mapped in the container 
of high-speed channel, de-mapping the data packets 
mapped and then decapsulating data packets 
de-mapped; in each branch, determining a transmitting 
clock frequency of service data decapsulated, and 
adjusting local branch clock frequency based on the 
transmitting clock frequency so as to make the local 
branch clock frequency be consistent With the transmit 
ting clock frequency; and then receiving the service data 
decapsulated according to the adjusted local branch 
clock frequency; 

Wherein the step of adjusting the local branch clock fre 
quency based on the transmitting clock frequency fur 
ther comprises: 

Writing the service data decapsulated into a buffer accord 
ing to the transmitting clock frequency, reading the ser 
vice data decapsulated from the buffer according to the 
local branch clock frequency, obtaining the Waterline 
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value of the buffer indicating the difference betWeen 
Writing speed and reading speed, and adjusting the local 
branch clock frequency according to the Waterline value. 

5. The method of claim 4, step a further comprising the step 
of performing optical-electrical conversion for the service 5 
data before extracting transmitting clock frequency informa 
tion, and the step of performing electrical-optical conversion 
for the data packets mapped after the mapping process; the 
step b further comprising the step of performing optical 
electrical conversion before the de-mapping process, and the 
step of performing electrical-optical conversion for the ser 
vice data decapsulated after the decapsulating process. 

6. The method of claim 4, step a further comprising the step 
of performing serial-parallel conversion for the service data 
after extracting transmitting clock frequency information and 
before the encapsulating process, and the step of performing 
serial-parallel conversion for the data packets mapped after 
the mapping process; the step b further comprising the step of 
performing serial-parallel conversion before the de-mapping 
process, and the step of performing parallel-serial conversion 
for the service data decapsulated after the decapsulating pro 
cess. 
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7. The method of claim 4, Wherein the step of transparently 

encapsulating in step a further comprises: 

presetting a buffer and presetting a loW threshold value in 

the buffer; 
judging Whether the service data decap sulated in the buffer 

reaches the loW threshold value, if so, segmenting the 
service data decapsulated in the buffer according to a 
prede?ned length Which is less than or equal to the loW 
threshold value and adding frame header for service data 
segmented; else not segmenting the service data decap 
sulated in the buffer; 

Wherein the decapsulating process in the step b further 
comprises: bounding the start of data area of a frame of 
the service data decapsulated according to frame header 
of the frame, bounding the end of the data area of the 
frame according to the prede?ned length, and then 
removing the frame header. 


